The formation of pentose from glucose occurs both by an oxidative and a nonoxidative pathway. The hexose monophosphate pathway is an oxidative one in which glucose is converted to 6-phosphogluconate. This is then decarboxylated to pentose phosphate plus CO2. The nonoxidative pathway utilizes the enzymes transaldolase and transketolase for the interconversion of hexose and pentose phosphates.
The formation of pentose from glucose occurs both by an oxidative and a nonoxidative pathway. The hexose monophosphate pathway is an oxidative one in which glucose is converted to 6-phosphogluconate. This is then decarboxylated to pentose phosphate plus CO2. The nonoxidative pathway utilizes the enzymes transaldolase and transketolase for the interconversion of hexose and pentose phosphates.
After elucidation of these pathways in many species and the realization that both operate simultaneously to produce pentose phosphate, many investigators have attempted to describe them quantitatively. Much work has been done on the metabolism of glucose labeled with C14 in various positions. in carbon atom one) as the sole carbon source. The glucose was added as the dry powder at the time of inoculation in order to reduce the loss of label by spontaneous exchange between glucose and water.1' The bacteria were harvested in early log phase (approximately 6 X 108 cells/ml). The cells were ruptured in a blender and the RNA and DNA were isolated by phenol extraction followed by precipitation with alcohol. The crude nucleic acid mixture was dialyzed against distilled water and lyophylized. The RNA-DNA mixture was hydrolyzed by the action of snake venom phosphodiesterase and 5'-nucleotidase. These enzymes cleave the phosphate ester bonds between the phosphorus and oxygen atoms exclusively so that the pentose of the nucleosides retains its original oxygen atoms. The hydrolytic mixture was placed on an AG-1-X2 (OH-) column and was eluted with aqueous methanol.'2 Adenosine and deoxyadenosine were obtained from the solvent by lyophylization. Analysis of the nucleosides for the position and amount of 018 incorporation was accomplished directly by mass spectrometry. Both adenosine and deoxyadenosine are sufficiently volatile to give good mass spectra. The spectra were obtained on an LK13 9000 mass spectrometer with a direct inlet probe at 160°.
Results.-The mass spectrum of adenosine and deoxyadenosine exhibits ions at M + (molecular ion) and (M -30) +. The latter is known to arise from a fragmentation process by which the 5'-carbon atom and its attached oxygen atom are eliminated as formaldehyde (Fig. 1) An exact mass determination was obtained for the M + and (M + 2) + ions of adenosine to verify the elemental compositions of the peaks measured (Table 1) . The peaks were matched with the use of perfluorokerosine as a mass standard on a CEC 21-110 high-resolution mass spectrometer.
Low-resolution spectra of adenosine and deoxyadenosine were used to determine the 018 content of the compounds. The relative intensities of the peaks associated with M + and (I-30) + in relation to the most abundant peak in the spectrum, m/e 135, are shown in Table 2 where h = peak height, no = number of oxygen atoms in ion, nc = number of carbon atoms in ion. The first term in the equation accounts for the natural abundance of 018 and the second term for the natural abundance of ions containing two C'3 atoms.
The 018 content of the nucleosides (Table 3) was calculated from the data in Table 2 . The total amount of 018 in the molecule can be determined from the abundance of the M + ion and its 018 isotope peak at (MNI + 2) +. The abundance of the (M -30) + ion and its 018 isotope peak at ( [1 -30] + 2) + is a measure of the 018 content of the molecule exclusive of the 5'-position. After the subtraction of calculated values for the naturally occurring isotope peaks, the atom per cent excess 018 of the labeled nucleosides was calculated by using the equation, atom % excess 0S = h __ _ X 100.
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Although the ions at M + have large 018 isotope peaks, the ions at (M -30) + show virtually none. This demonstrates that all the 018 (>95% of the total) is in the 5'-position of adenosine and deoxyadenosine. Discussion.-After correction for the exchange of the labeled glucose with the medium (the aldehyde of glucose exchanges at the rate of 2.2%/hr at 370 ;11 the growth time was 5 hr), the average 018 content of the glucose metabolized was 57.3 atom per cent excess in carbon atom one.
Glucose metabolized by the Embden-I\eyerhoff pathway would yield, as a result of the cleavage of fructose-1,6-diphosphate by aldolase, (3-018) dihydroxyacetone phosphate containing 57.3 atom per cent excess in carbon atom three and unlabeled glyceraldehyde-3-phosphate. Rapid isomerization of the trioses by phosphotriose isomerase would yield (3-018)glyceraldehyde-3-phosphate containing 28.7 atom per cent excess in carbon atom three. Transfer of a two-carbon fragment by transketolase from (1-0'8)glucose-6-phosphate to (3-018)glyceraldehyde-3-phosphate would yield a pentose labeled in positions one and five. The pentose of the nucleosides would be labeled in the 5'-position only because the oxygen atom on carbon atom one is lost in the formation of the sugar-base linkage.
Glucose metabolized by the hexose monophosphate pathway could not produce a labeled pentose; all the 018 would be lost as CO2 formed by decarboxylation of 6-phosphogluconate.
The 018 concentration in the 5'-oxygen of ribose and deoxyribose of the nucleosides was found to be 20.5 atom per cent excess. To a first approximation, we calculate that the nonoxidative l)athway accounts for 70 per cent of ribose synthesis. This calculation does not take into account the effect of the reversibility of the nonoxidative pathway. Wood et al.1 have suggested that the C14-labeling patterns of the pentose phosphate found by many workers could in part be a reflection of the C14 exchange due to this reversibility.
Experiments are now in progress with other 0'8-labeled derivatives of glucose which should clarify some other aspects of the formation of pentose.
Summary.-RNA and DNA were isolated from E. coli that had been grown oni (1-0l8)glucose. The nucleic acids were enzymatically degraded to the nucleoside level. The position and content of the 018 label in the pentose of the nucleosides were determined directly by mass spectrometry. The results show that 30 per cent of the pentose was synthesized by the oxidative hexose monophosphate pathway and 70 per cent by the nonoxidative pathway.
